Dear Editor, Epiboly, the thinning and spreading of blastoderm over the yolk cells, is the first morphogenetic movement in zebrafish. Studies of zebrafish epiboly have provided insights into basic cellular properties and mechanisms of morphogenesis that are widely used in animal development (Lepage et al., 2010) . Prior to the onset of epiboly, the embryo is organized into three layers. A single-cell thick epithelium, the enveloping layer (EVL), surrounds the deep cells (DCs) that eventually give rise to embryonic tissues. The EVL is tightly attached at its margin to the third layer, the yolk syncytial layer (YSL). Proper epiboly involves coordinated movements of all three layers. Although recent studies have elucidated the roles of actin filaments and some other factors in this process (Lee, 2014) , the underlying regulatory mechanism remains to be fully defined.
During early development, the zygotic genome undergoes dramatic epigenetic alterations. Histone modification enzymes may be important factors that contribute to these changes (Vastenhouw et al., 2010) . The mRNA deep sequencing analysis of early developing zebrafish embryos shows that protein arginine methyltransferase 7 (Prmt7) transcripts appear at a high level of expression just before the initiation of epiboly (Aanes et al., 2011) . However, roles of Prmt7 during embryonic development are barely elucidated. Here, we attempt to investigate the function of Prmt7 during early zebrafish development, in particular epiboly.
We first examined the spatial and temporal expression patterns of Prmt7 and found that zebrafish Prmt7 transcripts and protein were maternally deposited and ubiquitously expressed through gastrulation (Supplementary Figure S1) . Thereafter, we designed antisense morpholino (MO)-mediated dose-dependent knockdown assays to investigate the function of Prmt7 in early zebrafish development ( Figure 1A and Supplementary Figure S2) . At 10 hpf, Prmt7 morphants displayed an epibolic delay defects phenotype compared with control embryos that had completed epiboly and entirely enclosed the yolk sphere, which was Prmt7 MO dose-dependent. The prmt7 mRNA rescue assay confirmed the specificity of Prmt7 MO ( Figure 1A ). Moreover, we demonstrated that the epibolic delay defect of Prmt7 MO was not mediated by p53 (Supplementary Figure S3) . Prmt7 has been reported to specifically methylate histone H4 Arg-3 (H4R3) to form symmetric dimethylarginines (H4R3me2s) (Wang et al., 2014) . In our study, Prmt7 specifically catalyzed H4R3me2s, and the expression of H4R3me2s was decreased in Prmt7 morphants (Supplementary Figure S4) .
Next, whole-mount in situ hybridization (WISH) staining for no tail (ntl) showed shortened but widened notochords in the morphants ( Figure 1B ). The axial mesendoderm failed to migrate to the anterior. The length of notochords decreased in Prmt7 morphants compared with control and rescue embryos, while the distance from the deep cell margin (dcm) to the vegetal pole (VP) increased in Prmt7 morphants ( Figure 1B ). We further examined a muscle and somite-specific marker myod in zebrafish embryos at 10 hpf and demonstrated that the width between the bilateral adaxial cells increased, while the length of the body axis decreased in Prmt7 morphants ( Figure 1C ). As shown in Figure 1C , the axial cells did not converge in Prmt7 morphants showing the most severe defects. These results indicate that knockdown of Prmt7 induced convergence and extension (C&E) defects during zebrafish epiboly. Moreover, the dorsal forerunners (dfs) were completely separated from the dcm and far ahead of the remaining DCs in Prmt7 morphants ( Figure 1B; epiboly and 2-OST mRNA could specifically and partially rescue the epibolic delay defects in Prmt7 morphants.
Previous reports have documented the prominent organization of the ring-like F-actin at the advancing edge of the YSL, EVL, and DCs during epiboly, suggesting an important role of F-actin cytoskeleton in this process (Lee, 2014) . As shown in Figure 1E , confocal images revealed the periphery of superficial EVL cells and DCs beneath, as well as two actin rings at margins of the EVL and DCs (Cheng et al., 2004) . In control embryos, actin rings adjacent to the EVL and DCs were closely associated, indicating that the EVL and DCs moved together toward the VP during epiboly. In Prmt7 morphants where epiboly was delayed, DCs exhibited impaired actin ring at the margin and lagged behind EVL margin. Meanwhile, the distance from EVL margin to either VP or dcm significantly increased in Prmt7 morphants, compared with control and rescue embryos ( Figure 1E ). Moreover, both E-cadherin and β-catenin in the EVL and DCs decresed in Prmt7 morphants, suggesting a loss of cell-cell adhesion concurrent with the epibolic delay defects (Supplementary Figure   S5 ). Similar to Prmt7 mRNA, 2-OST mRNA also rescued the actin cytoskeleton disruption and cell adhesion defects in Prmt7 morphants ( Figure 1E and Supplementary Figure S5) . These results indicate that knockdown of Prmt7 exhibited an epibolic delay defects of the EVL and DCs, which could be rescued by both Prmt7 and 2-OST mRNA.
Interestingly, the punctate actin accumulated adjacent to the YSL margin was markedly reduced in Prmt7 morphants ( Figure 1E ), and this punctuate band was thinner and wider than that in control or rescue embryos. Moreover, Prmt7 morphants exhibited an irregular punctate actin band in the marginal YSL, while this was rarely observed in control or rescue embryos. This suggested that Prmt7 MO also induced YSL defects in zebrafish epiboly process. During epiboly, the YSL likely exerts its pulling force on the blastoderm via its tight junction connections to EVL margin.
Simultaneously, the constriction of the marginal EVL cells leads to dramatic cell shape changes and elongation of EVL cells along the animal-vegetal axis. The absence of such cell shape changes has been implicated in epibolic defects (Köppen et Prmt7 function, we obtained confocal images of embryos at higher magnification and analyzed the cell shape and orientation of EVL cells near the margin. As shown in Figure 1E , there was no significant difference in the intensity of F-actin staining in EVL cells among control embryos, Prmt7 morphants and rescue embryos. However, both shape and orientation of EVL cells in Prmt7 morphants were altered. In control embryos, EVL cells were elongated and regularly aligned. Most of these cells elongated vegetally along a line roughly perpendicular to EVL margin, consistent with the direction of epibolic movement. Similarly, EVL cells in rescue embryos were relatively elongated and aligned properly. In contrast, EVL cells in Prmt7 morphants were mostly round, small, and irregularly aligned. They were more disorganized and failed to align their cell bodies along the direction of epibolic movement, suggesting that most EVL cells in Prmt7 morphants were oriented in random directions. These results suggest that the actin contractile elements in the YSL are necessary for facilitating the proper EVL cell shape changes during epiboly. We speculate that the thin and irregular actin bundles observed in Prmt7 morphants may cause abnormal 'contractile' forces to disrupt the YSL and induce the resistance to vegetal pulling of the EVL. Collectively, actin staining revealed that embryos knockdown of Prmt7 exhibited an epibolic delay defects of the DCs and EVL, as well as the formation of thin and irregular actin bundles in the YSL.
In summary, this study identifies the role of Prmt7 as a regulator during the progression of zebrafish epiboly. Our findings suggest that Prmt7 may regulate epiboly by two distinct pathways: facilitating 2-OST and E-cadherin expression to strengthen cell-cell adhesion in the EVL and DCs, or promoting actin cytoskeleton organization through 2-OST to regulate epibolic movement of the EVL in the YSL.
Recent work on zebrafish epiboly has revealed that the process is considerably more complex than previously appreciated. Future studies are needed to reveal other molecules and/or signaling cascades that are involved in Prmt7-mediated epiboly regulation. High-magnification images for regions in white boxes show the punctuate actin band in YSL margin and a few EVL cells. Scale bar, 50 μm. All data are presented as mean ± SD, with differences considered significant when P<0.01.
